Abstract. The chronic atrioventricular block (CAVB) dog has been widely used as an in vivo proarrhythmia model. mRNA levels of K + and Ca 2+ channels in the isolated ventricular tissues from normal and CAVB dogs were assayed using a real-time PCR. The mRNA levels of KvLQT1 and MiRP1 were significantly less in the CAVB heart compared with those in the intact heart, whereas no significant difference was detected in the mRNA levels of other K + -or Ca 2+ -channel subunits. Adaptation against chronic bradycardia-related pathophysiology may have decreased the mRNA levels of cardiac K + channels, which may partly explain the arrhythmogenic property of this model.
Drug-induced QT-interval prolongation is often associated with the onset of polymorphic ventricular tachycardia (torsades de pointes), resulting in a life-threatening ventricular arrhythmia (1, 2) . To prevent such dangerous drug-action in clinical practice, chronic atrioventricular block dogs have been used as a reliable "in vivo screening model" for drug-induced torsades de pointes arrhythmias (3) . The model is also recognized as one of the most useful models for a follow-up study in the ICH S7B guideline (4) because of its high sensitivity and reproducibility for detecting such drug-induced lethal arrhythmias (3) .
We have demonstrated that the chronic atrioventricular block dog has structural and electrical remodelings in the heart such as eccentric hypertrophy, cardiac fibrosis, and QT-interval prolongation together with neurohumoral changes, namely, sustained elevation of plasma concentrations of norepinephrine, angiotensin II, and aldosterone (5), which can promote tridimensional dispersion of ventricular repolarization, promoting the maintenance of polymorphic ventricular tachycardia (6) . Furthermore, the chronic atrioventricular block heart is known to be more sensitive to I Kr blockers than the intact heart due to the decrease of repolarization reserve (7) . Excess prolongation of action potential duration occasionally induces early afterdepolarization, which is closely associated with cardiac K + -channel inhibition and Ca 2+ overload (8) . In addition, cardiac Ca 2+ -channel functions in this animal model may be modified due to sustained sympathetic nerve activation (5) . To explore underlying molecular mechanisms of drug-induced torsades de pointes arrhythmias, in this study we compared the expressions of cardiac K + -and Ca
2+
-channel subunit between the atrioventricular block and intact hearts.
The investigation was performed according to "Guiding Principles for the Care and Use of Laboratory Animals" approved by The Japanese Pharmacological Society. The beagle dogs of either sex weighing about 10 kg were kept in individual cages, and a 12-h light (6:00 -18:00) -dark (18:00 -6:00) cycle was used. The ventilation provided a total air exchange rate of 10 -15 times per hour. The temperature was maintained at 23 ± 2°C, and relative humidity was 50 ± 30%. Each dog was fed 200 ± 10 g of standard diet for dogs (CD-5M; CLEA Japan, Tokyo) in the morning, and water was available ad libitum.
The surgical procedure using a catheter ablation technique was carried out according to previous reports (3, 5, 7, 9) . Briefly, the beagle dogs were anesthetized with sodium pentobarbital (30 mg/kg, i.v.) and artificially ventilated with room air (SN-408-3; Shinano, Tokyo). The surface lead II ECG was continuously monitored using a polygraph system (RM-6000; Nihon Kohden, Tokyo). A quad-polar electrodes catheter with a large tip of 4 mm (D7-DL-252; Cordis-Webster, Baldwin Park, CA, USA) was inserted through the right femoral vein using the standard percutaneous technique. The optimal site for the atrioventricular node ablation, namely, the compact atrioventricular node, was determined on the basis of the intracardiac electrogram. The power source for atrioventricular node ablation was an electrosurgical generator (MS-1500; Mera, Tokyo) delivering continuous unmodulated radiofrequency energy at a frequency of 500 kHz. After proper positioning, the radiofrequency energy of 20 W was delivered for 10 s from the tip electrode to an indifferent patch electrode positioned on the animal's back, which was continued for 30 s if junctional rhythm was induced. The end point of this procedure was the development of the complete atrioventricular block with an onset of stable idioventricular escaped rhythm.
The heart was isolated 2 months after the surgery, at which electrophysiological remodeling of the heart had been completed (9) . The left ventricular tissues from normal dogs and chronic atrioventricular block dogs (n = 6 for each) were immediately frozen in liquid nitrogen and stored at −80°C until mRNA analysis. Total RNA was isolated using the ISOGEN reagent (Nippon Gene, Toyama) according to the manufacturer's protocol. Contamination of genomic DNA was further eliminated by digestion with DNase I (Invitrogen, Carlsbad, CA, USA). Total cDNA was synthesized by High-Capacity cDNA Reverse Transcription Kits (Applied Biosystems, Foster City, CA, USA). Real time PCR was performed using the SYBR green PCR Master Mix (Applied Biosystems) and dog-specific K + channel, Ca 2+ channel, and GAPDH primers. The sequences of the primers are Table 1 . To confirm the specificity of the primers, we performed the electrophoresis of PCR products and checked that the amplicons were appropriate sizes and a single band in each primer set. Also, melting point analyses were carried out in the all experiments of quantitative PCR. Quantitative mRNA levels of the genes were assessed using a 7500 real-time PCR system (Applied Biosystems). The thermal cycle conditions were as follows: 2 min at 50°C and 10 min at 95°C, followed by 40 cycles at 95°C for 15 s and 60°C for 60 s.
The ΔΔCT method of relative quantification was used to determine the fold change in expression. Data are expressed as the mean ± S.E.M. The statistical differences of unpaired data between the groups were evaluated by the unpaired t-test. A P value < 0.05 was considered statistically significant. Relative levels of each mRNA to GAPDH mRNA in the left ventricle are summarized in Table 2 (n = 6 for each). Among the K + channels, the mRNA expressions of MiRP1 and KvLQT1 of the chronic atrioventricular block heart were significantly lower compared with those of the intact heart from the normal dog. No significant difference was detected in the Ca 2+ -channel mRNA expressions of Ca v 1.2, Ca v 2.2, or Ca v 3.2 between the chronic atrioventricular block heart and intact heart. In this study, mRNA level of KvLQT1 (pore-containing subunit for I Ks channel) was significantly lower in the chronic atrioventricular block heart than the intact heart, which strongly supports a previous report that a current density of I Ks in the isolated ventricular cardiomyocytes from the chronic atrioventricular block dog was about half of those from the normal dog (10) . No significant difference was detected in the mRNA level of minK (accessory subunit for I Ks channel) between the two animal groups. While the precise mechanisms of downregulation of I Ks channels in this animal model are not fully explained by the previous studies (5, 9, 10), one can speculate that the mechanical signals caused by severe bradycardia-associated volume overload to the ventricles might at least in part suppress the expression of the ionchannel subunit KvLQT1, leading to reduction of I Ks . Such ionic adaptation may also improve the ejection time and fraction in this model, resulting in the positive inotropic effect. Moreover, we recently demonstrated that the L/N-type Ca 2+ channel-blocker cilnidipine ameliorated the prolonged QT-interval in the canine chronic atrioventricular block model via decreases of the plasma angiotensin II and aldosterone levels (11) , which together with the current observation, may imply the causal link between neurohumoral changes and KvLQT1 expression in this model (5) .
MiRP1 was initially characterized as an accessory subunit for the I Kr channel (12) . In this study, the mRNA level of MiRP1 in the chronic atrioventricular block heart was significantly lower compared with that in the intact heart. However, the current density of I Kr in the isolated cardiomyocytes from the left ventricle was reported to be almost the same between the chronic atrioventricular block dog and normal dog (10) . Since no significant difference was detected in the mRNA level of ERG (porecontaining subunit for I Kr channel) between the two animal groups, one can speculate that the decrease in mRNA level of MiRP1 is unlikely to interfere with I Kr -channel function in this animal model. These observations are in good accordance with a previous electrophysiological study that coexpression of MiRP1 did not alter biophysical function of I Kr (13) .
The lower mRNA level of KvLQT1 in the chronic atrioventricular block heart may be a culprit change to enhance pharmacological or toxicological actions of I Kr blockers as observed in our previous study (7) , which can be strongly supported by a previous study showing that pharmacological blockade of I Ks channels by chromanol 293B promoted prolonging action of I Kr blockers in the isolated canine myocardium (14) . On the other hand, no significant change was detected in the mRNA levels of L-type, T-type, or N-type Ca 2+ channels in this study, suggesting that precise cellular mechanisms of Ca 2+ mobilization resulting in the onset of torsades de pointes in this animal model should be analyzed by a functional assay system with and without pathophysiological conditions such as an elevated plasma catecholamine level (5) .
Thus, adaptation against chronic bradycardia-induced pathophysiology in vivo may have altered the mRNA CAVB, chronic atrioventricular block. Data are expressed as the mean ± S.E.M. *P < 0.05, **P < 0.01, compared with each value in normal dogs levels of cardiac K + channels, suggesting the presence of a causal link between neurohumoral changes and KvLQT1 expression in this model, which might provide a new preventive strategy of drug-induced torsades de pointes, including pharmacological modification of the renin-angiotensin-aldosterone system (11) .
